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Damage index is a widely adopted method for estimation of damage to RC structures 
under cyclic and seismic loading. The scope of this thesis is confined to local damage 
index for an RC member. A study on the performance of the existing damage indices at 
failure for an experimentally tested specimen is carried out. Based on the shortcomings 
of the existing indices, a new physical definition based damage index is proposed for 
damage estimation under both cyclic and earthquake loading. A study on the progression 
of damage with drift is then done for cyclic loading and ground motion to assess the 
performance of the parametric Park-Ang damage index along with existing physical 
definition based damage models. From the study, it is concluded that the proposed 
damage index gives a better representation of damage with the maximum drift. Further, 
several shortcomings of the most widely used Park-Ang damage index are identified. 
Some inherent assumptions used in the Park-Ang index pertaining to the empirically 
obtained combination factor, β are found to be incorrect. It is found that the Park-Ang 
index is not a reliable method for estimating the damage. Instead, the proposed physical 
definition based damage index is a better choice for estimating damage as it does not 
involve any empirical constant and has a much stronger theoretical basis.  
Further, an attempt is made to bridge the gap between the physical definition based 
damage index and parametric damage index owing to the latter having wider applicability 
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and being less computationally intensive. A new parametric damage index is proposed 
which essentially simulates the damage estimations made by the proposed physical 
definition based damage index. A new parameter namely weighted hysteretic energy 
(WHE) is defined which gives weightage to the incrementally absorbed energy in 
proportion to the instantaneous displacement and incorporates the number of cycles per 
loading amplitude. The parametric damage index is proposed by combining deformation 
based parameter with the WHE. It is shown that the proposed combination is a better 
choice for damage computation than combining deformation with hysteretic energy done 
in Park-Ang damage index. The parametric index is evolved through damage progression 
study which is carried out using cyclic loading protocols with varying number of cycles 
per deformation amplitude. The combination coefficient, β used in the proposed damage 
index has a more stable relationship with maximum drift than the β of the Park-Ang 
damage index. Further, a functional form of β with respect to drift is developed for the 
proposed damage index which is seen to be loading independent unlike the β used by the 
Park-Ang index which is found out to be highly dependent on the loading. A simplified 
form of the parametric damage index is also developed which curtails the need of an 
analysis or test needed for computing the damage. The simplified index is shown to 
perform satisfactorily for both cyclic and seismic loading.  
A damage analysis study is also carried out using the simulated bridge pier subjecting it 
to several ground motion events recorded at a site. The study is done for three different 
soil types. For each site of a soil type, the events are scaled to same PGA, PGV, and SA 
and the variation of damage with these scaling parameters is observed for all the events 
at that site. It is found that PGV is better correlated with damage. Further, the bridge pier 
lies in the velocity sensitive region of the response spectra. Thus, the ground motion 
parameter better correlated with damage may depend on the natural time period of the 
structure. Further, it is shown that it is possible to know which ground motion is more 
damaging than the other by comparing the elastic response spectra of both the ground 
motions. In addition, conditioning to one level of drift, the damage due to different 
earthquake events is observed to be nearly invariant for rock site with slight difference 
observed for medium and hard soil sites. Thus, this further corroborates the use of drift 
or displacement as one of a key damage parameter. In addition, for the earthquake events, 
an extensive damage progression study is done in which the proposed parametric damage 
index and its simplified form are assessed with the Park-Ang damage index. From the 
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study, it is concluded that the proposed parametric damage index and its simplified form 
gives damage estimates near the proposed physical definition damage index and thus 
establishes a necessary link between the physical definition based and parametric damage 
indices.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
